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Claim 

An exhaust gas sample-withdrawing apparatus characterized by the fact that a 
proportional divider formed by multiple tubes of equal flow path resistance in the intermediate 
section of an exhaust conduit for the flow of exhaust gas discharged from an engine proper and 
used for uniform division of the exhaust gas inside the exhaust conduit mentioned previously is 
installed, and a sample probe is formed by any of the various tubes that constitute this 
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proportional divider, so that the exhaust gas sample is withdrawn in proportion to the exhaust gas 
flow rate inside the previously mentioned exhaust conduit by this sample probe. 

Detailed explanation of the design 

This design relates to an exhaust gas sample- withdrawing apparatus for the analysis of an 
exhaust gas of an engine proper. 

As an apparatus for the analyses of components of an exhaust gas discharged from an 
engine proper, in general, one with the constitution shown in Figure 1 has been known. In this 
Figure 1, (1) is an engine proper and (2) is an exhaust pipe. (3) is a dilution tunnel for the exhaust 
gas, and a blower (4) is connected to this tunnel (3). Furthermore, by using this blower (4), air is 
sucked into the tunnel (3) via an air filter (5). Moreover, inside this tunnel (3), an orifice (6) and 
a venturi (7) are provided. At the same time, a discharging outlet (8) of the exhaust pipe (2) is 
installed near the orifice (6). The exhaust gas discharged from the discharging outlet (8) is mixed 
with air inside the tunnel (3) and diluted. Furthermore, one end of a gas-sucking tube (9) is 
inserted near the venturi (7) in this tunnel (3). The other end of the gas-sucking tube (9) is 
connected to an exhaust gas analyzer (11) via a bag (10) for containing a constant amount of the 
gas. With the exhaust gas analyzer (1 1), the analysis of components of the exhaust gas and so on 
are carried out. 

However, with such a constitution mentioned previously, there is a difficulty in which the 
entire apparatus is enlarged since the exhaust gas as a whole discharged from the engine proper 
(1) is introduced into the tunnel (3). 

As shown in Figure 2, development has been made in an attempt to miniaturize the entire 
apparatus by using a portion of the exhaust gas discharged from the engine proper (21) by 
inserting one end of a gas-sucking tube (23) formed with a small tube inside an exhaust tube (22) 
of an engine proper (21) and inserting the other end of this gas-sucking tube (23) into a tunnel 
(24) for exhaust gas dilution. In this case, air is introduced into the tunnel (24) from an air 
compressor (25) via an air filter (26). At the same time, in the intermediate section of the tunnel 
(24), a small-diameter injector (27) forming a venturi is provided. Inside this injector (27), the 
discharging end of the gas-sucking tube (23) is installed. By the utilization of the pressure drop 
of air flowing inside the injector (27), the exhaust gas inside the exhaust tube (22) is sucked via 
the gas-sucking tube (23). Inside the tunnel (24), the air and the exhaust gas are mixed. The 
diluted exhaust gas is sent to an exhaust gas analyzer (29) via a gas-sucking tube (28) to carry 
out the analysis of the exhaust gas. 

However, with such a constitution described previously, since a portion of the exhaust 
gas inside the exhaust tube (22) is sucked by the utilization of the pressure drop phenomenon of 
air with the injector (27) formed inside the tunnel (24), the flow rate of the exhaust gas 
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introduced into the tunnel (24) via the gas-sucking tube (23) has always been kept constant, 
irrespective of the change in the rotational speed of the engine proper (21), that is, the change in 
the flow rate of the exhaust gas inside the exhaust tube (22). Therefore, even in the case of a 
change in the rotational speed of the engine proper (21), the exhaust gas concentration inside the 
tunnel (24) does not change. There has been a problem in which the analysis of the exhaust gas 
corresponding to a change in the rotational speed of the engine proper (21) cannot be carried out. 

In consideration of the things described previously, the present design has an objective to 
provide an exhaust gas sample- withdrawing apparatus capable of miniaturizing the entire 
apparatus and carrying out the analysis of exhaust gas corresponding to a change in the rotational 
speed of the engine proper. 

An application example of the present design will be explained with reference to 
Figures 3-9 in the following. Figure 3 shows the schematic constitution of the exhaust gas 
sample-withdrawing apparatus as a whole, in which (31) is the engine proper and (32) is the 
exhaust pipe of this engine proper (31). On this exhaust pipe (32), one end of the exhaust diffuser 
(33) is connected. This exhaust diffuser (33), as shown in Figures 4-6, is a component with the 
proper (34) formed into an approximately cylindrical shape. A flange section (34a) connected to 
the flange section (32a) of the exhaust pipe (32) on one end of this proper (34) and a flange 
section (35a) connected to the flange section (35b) of the proportional divider (35) on the other 
end are provided. Furthermore, the proper (34) of this exhaust diffuser (33) is formed into an 
octagonal shape in the discharging end section on the side of the proportional divider (35). 
Moreover, the proportional divider (35) mentioned previously, as shown in Figures 7-9, is 
formed by a case (36) of an approximately circular cylindrical shape and multiple tubes (37) and 
so on of equal flow path resistance. In this case, the various sucking ends of the tubes (37) and so 
on are arranged in the same distributed state in an octagonal shape in conformity with the shape 
of the discharging end section of the exhaust diffuser (33). In addition, a sucking re-diffuser (38) 
is installed in a separate state with respect to the discharging ends of the various tubes (37) and 
so on of this proportional divider (35). A sucking blower (39) is connected to this sucking 
re-diffuser (38). The exhaust gas introduced from the engine proper (31) via the exhaust pipe 
(32), the exhaust diffuser (33), and various tubes (37) and so on of the proportional divider (35) 
is sucked into the sucking blower (39) via the sucking re-diffuser (38). The exhaust gas sent out 
from the discharging end of the exhaust diffuser (33) is uniformly divided by the proportional 
divider (35), and introduced into the various tubes (37) and so on. Furthermore, a sample probe 
(40) is formed on one of the various tubes (37) and so on that form the proportional divider (35). 
This sample probe (40) has a section other than the sucking end section extended to the outside 
of the case (36) of the proportional divider (35). The exhaust gas in proportion to the exhaust gas 
flow rate is to be withdrawn by this sample probe (40). The discharging end (41) of this sample 
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probe (40) is inserted into the exhaust gas dilution tunnel (42). This sample probe (40) is formed 
by a sucking section (40a) fixed on the proportional divider (35) side, a jet nozzle section (40b) 
fixed on the tunnel (42) side, and a linking section (40c) between the sucking section (40a) and 
the jet nozzle section (40b). Both the back pressure Pi of the discharging end (41) of this sample 
probe (40) and the back pressure P2 of the discharging end of the various tubes (37) and so on of 
the proportional divider (35) are approximately constant values. Furthermore, their pressure 
difference is very small in comparison to the pressure difference from the inlet pressure Po of the 
two. On the other hand, in the tunnel (42) mentioned previously, a diffusing orifice (43) and a 
critical flow rate venturi (44) are provided. At the same time, a sucking blower (45) is connected 
to the venturi (44) side. Air is to be sucked into the tunnel (42) via an air filter (46) by this 
sucking blower (45). Moreover, the discharging end (41) of the sample probe (40) is installed on 
the air filter (46) side instead of the diffusing orifice (43). A mixing chamber (47) for the exhaust 
gas discharged from the sample probe (40) and air introduced via the air filter (46) is formed on 
the upstream side of the diffusing orifice (43) inside the tunnel (42). The diluted exhaust gas 
obtained by mixing with air in this mixing chamber (47) flows out in the venturi (44) side via the 
diffusing orifice (43). Furthermore, one end of a gas-sucking tube (48) is inserted in the vicinity 
of the venturi (44) inside the tunnel (42). The other end of this gas-sucking tube (48) is 
connected to an exhaust gas analyzer (50) via a bag (49) for carrying out the analyses of 
components of the exhaust gas and so on. (51) is a particulate collection filter holder, and (52) is 
a constant sample flow rate controller and gas analyzer (50). 

With such a constitution described previously, the exhaust gas discharged from the 
engine proper (31) via the exhaust pipe (32) and the exhaust diffuser (33) is introduced into 
various tubes (37) and so on of the proportional divider (35) and the sample probe (40). In this 
case, various sucking ends of various tubes (37) and so on of the proportional divider (35) and 
the sample probe (40) are arranged in a compact manner in conformity with the discharging end 
section shape of the exhaust diffuser (33). They have the same distribution as the discharging 
outlets of the exhaust diffuser (33). In addition, both the back pressure Pi of the discharging end 
(41) of the sample probe (40) and the back pressure P2 of the discharging end of the various 
tubes (37) and so on of the proportional divider (35) are approximately constant values. 
Furthermore, their pressure difference is very small in comparison to the pressure difference 
from the inlet pressure Poof the two. The exhaust gas sent out from the exhaust diffuser (33) 
flows into various tubes (37) and so on of the proportional divider (35) and the sample probe 
(40) in a uniformly divided state. Therefore, even if the rotational speed of the engine proper (31) 
is changed, the exhaust gas sample at a flow rate proportional to the flow rate of the exhaust gas 
discharged from the engine proper (31) is introduced into the sample probe (40). Therefore, an 
exhaust gas sample proportional to the flow rate of the exhaust gas of the engine proper (31) can 
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be withdrawn into this sample probe (40). The analysis of the exhaust gas corresponding to the 
change in the rotational speed of the engine proper (31) can be carried out. 

This design is not to be restricted to the application example described previously. Of 
course, it can be implemented in a variety of modifications in a range without deviating from the 
gist of the present design. 

As explained previously, according to the present design, a proportional divider formed 
by multiple tubes is installed in the intermediate section of the exhaust conduit of the engine 
proper, and the exhaust gas discharged from the engine proper is to be uniformly divided by the 
proportional divider. Furthermore, a sample probe is formed with any of the tubes constituting 
this proportional divider. An exhaust gas sample proportional to the exhaust gas flow rate is 
withdrawn with this sample probe. Thus, a portion of the exhaust gas discharged from the engine 
proper can be withdrawn. An attempt to miniaturize the apparatus as a whole and the analysis of 
the exhaust gas corresponding to a change in the rotational speed of the engine proper can be 
conducted. 

Brief description of the figures 

Figures 1 and 2 are schematic constituent diagrams showing different conventional 
examples. Figures 3-9 show an application example of the present design. Figure 3 is a 
schematic constituent diagram of the apparatus as a whole. Figure 4 is a side-view diagram 
showing the exhaust diffuser. Figure 5 is a front-view diagram of the same. Figure 6 is an 
isometric diagram of the same. Figure 7 is a side-view diagram showing the proportional divider 
in a partially ruptured state. Figure 8 is a front- view diagram showing the discharging outlets of 
the proportional divider. Figure 9 is a planar diagram showing the proportional divider in a 
partially ruptured state. 

31... Engine proper, 35... Proportional divider, 37... Tubes, 40... Sample probe. 
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